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(54) FLAT FUEL CELL 

(57)AbstraGt: 

PROBLEM TO BE SOLVED: To provide a flat fuel cell 
capable of raising the current density and having the 
simple structure easy to be manufactured. 
SOLUTION: Plural unit cells 7a--7d formed by 
arranging air poles 4a-4d and fuel poles 6a-6d in both 
sides of electrolyte layers 5a-5d are arranged in a flat 
surface so that the same poles are arranged in the 
same surface, and a back surface of the fuel pole of 
one of the adjacent unit cells is electrically connected 
to a back surface of the air pole of the other unit cell 
through conductive Z-like connecting plates 1a-1d so 
as to connect each unit cell in series. A through hole 
is provided at a part of each Z-like connecting plate 
opposite to the fuel pole and the air pole so that the 
fuel and the air are supplied from the back surface of 
each pole through the through holes of the Z-like 
connecting plates. 
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^«Tm^Mlc»l^r * c: t ic J: ?) S9a3*#-lr;U5-iS^J 

}^i^«©K®TL«:*:^'PtcMP C ^:^i;tg^<^:•r 

[m:»m 3 ] m^mmomtsizmm-^ntcm±Mzm 
mi^^^m»^iLmz, mmmm(om^'\zmM^rLft(> 

miu^^vs (Di^ni)^izmm<o^mm^mmm. 
CO 0 0 1 ] 

mzm^m(Dm±)\^^w-miz-^ih l < \-imscmzm-< 
xm%mizm.mmm\^rc, :^-:$'zfjvm.mmtzm^^'E>n 

[0 0 0 2] 

pj— aimA»cj;-3Tffis$nfc4#raBa6 1-12126 

1 - 1 2 1 2 6 5^^^fctem$nTi^^fie*co¥ffis 
mmmm<DmfSi^m-rwimmmm-c$>K) . mizi=\,^x. 
4 nt^7,mfs.i±<ommm^-v&r), ^i^tf3\z\tz'f^ik 

fflli^n^. 4 2tt^?LSS«4 l®j!/Xv-;V**^« 
SB. 4 3«^®^^^, 4 4 fi^^gfiiiK^, 4 5tt|tffi 
SSK-^^. 4 6 m^fsfggffilK^. 5{i^»M®. 7«m-fc:;i' 
^1 lT«4<i®^-fe;U7**^ffilCl>?iJ(CBSlt 

[0 0 0 3] 12 1 UCltijA^-:5T±ffli|tCiSM^nrc^7LM 
S«4 l®T®fC^^S«!®®4 4 5:^lt. TIMJCE® 
3nfc^?LSS«4 1 (0±®CjiS1Em«!®JS 4 6 SrKlt 
T*50. ±ffl!llCi2M$nZi^7L®S«4 1 <i:35^ffiM!S 
®4 4tT25^a*<fi$fi£$n, TfflillCESSnfc^TLM 



S«4 1 t*«*4SMj^^4 6 i:TM*4S*<fiifi£$nTt,i 
^?l»S*f4 1 ;W^JWeB4 2tt|g— ®^7L 

ffls«4 nziii^^±T(D^m.tmn(Dm-^^m±-r^ 

[0 0 0 4] 

««IJ&:iS?iJS8l!tt^?L«»*^4 UcJ;oT;a:$nTt»5 
»»tJ4 1CDBBP^«^< (0iJx.«9 0 LA^fe 
mt&mifi±^<. fiEoT. m85?BSttfi^x.«5 0mA/ 

fc. ^iLm&m4 1 \z^m.mMmm4 4. mMmmmm 
mzmti^^^^^mnm\z^^y h:/U'>^rso*i-flse<) 

TS>^At. ^12<D^fiETtt. ^T®m-b:;P 7 SM'^-C 

-^iCTj^-v h:/^^.^-^*^, -tfe®^7LSS«4 1 (CO 

[0 0 0 5] *^BJ«, ±tacDJ:5;^fie5l5rofc(DCO^® 
[0 0 0 6] 

[i^^^»ft-rs>c*i)®#©] *^Bj®^i ««j5e»c# 

d;-5Jc¥s»c,M'<. s.i>izm&-t^—:^<Dm-\iJi<omn 
^*feg5JK«Tmjae9fc:85^-r -5 ci 1 1 j; 0 Mis#m-fe;i/ 

^n*S»*3 J: CX^^ S-«if&T •& J: ^ ICfiUSE b © T * 
•5. 

[0 0 0 7] 2|£%^©m 2 ®filfi£»C^-55FSS^!|sfm«6 
tt. S*-b;;ueDS«ffiffl9tcge®$nfcz^«^^«©K 
ilTL (3:*:^ cf3 tc □ b X ^ 1 -5 1> CO T * -S . 

[0 0 0 8] *%Bj(D^3©iSfietc#s^®sj^.<6fm?& 

ttSt^tlC. iS?'JS^©i^4'lCig6a$nfci!>;S:<i:t)l 

[0 0 0 91 ^mm(ofS4<Dmf!Snzgh^w-mmmnm.m 
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CO 0 1 0] 

mm\z&-:s\,^xm^tm-^rzimmm»fzit!s\-^^ 

c 0 0 1 11 mm<omm 1 . 01-03 it^mmo:>mm 
(Dmm 1 \zj^i>^^mmmmm<Dm^i^L. 0 1 «- 

^mmmmm. m2\tw-mm, 0 3ttiim^ai*A-^£ 

i&mnzj^^w-mmmmmm(Dm^o)m^^^L'. 04 

S0 (a) t¥®0 (b) . m6itmmm±ju(Dmmm 
"^(DMmm (a) t¥®0 (b) , mutm-tJKDmm 
mmm (a) t^Ms (b) -p*-5. 

[0 0 1 23 0{C*3lr>T, la-lc (ITf^^-rsS 

mm.. 3\mmmm^^fikm. 4a~4d (4t?f^s-r 

■5«-&t)*5) ttS^g. 5a~5d (STf^^TSJ© 
^t>&-5) ttm<?fS®> 6a-6d ( 6 T-f^Sf^J^-a- 

«i«<efs, 7a-7d (7-vi^m-r^m-^h$> 

^) «m-fe;UT&»3. m-feJU? a~7 dfim^H^S a 
— 5 d*J*/uT^^®4 a — 4 d tM^Ejae a~6 dSr 

*r^:^gS. 1 1 «^^S<M->-JI'«5tSgB. 12 a, 1 

2 b (1 2Tft*-r-5ii-&=t)fe-5) it\^mmm(omt^iz 
Wim-^ritim±)i7 ai:7 di-igtt^nfcmeg^^-rfe 

0.12a ti^@fill«Sit^T. 1 2 b 

1 3«^Ri|E^■7r:7^;-;^H3^^•:/^'X. 14«j^^ 

X 1 3 tmn-r=.-t^—)i' KM 1 4 ^f:— JU K 

*«5^bTVi-5. 1 StiMilStAaT'^;:^. 1 6 ttM^sfm 

azf^if. 1 7 tt«5«&f*tt^v?. i9ttm^«e®«, 2 

0 «S5C«fiiB« 1 9 Jc!Sttenfc^5t#t*&ffl«)Sjl7Uc 
ffla-r-SXU h. 2 1 a««S^C73#t$&ffliI-y'-*:-;UK 

2 1 b««Sl6f®#^mffl!lv-ilx-;UKA, 2 2ttZ^ 

1 9 »c^it?.njt;^ ij -y h 2 0 tz^Vim^m 1 tc^it 

t)n;t:X'J-y h2 2i:«igilL.T*5 0. :fc:^flCgBDL 

2 3tt»J6#tt^i?l 7<D^-:^/C. 2 4ttM^ 
-7-ij^-;UH3i^.;/i7X 1 3izWti^ibntzmM^S&m<DM 

©^•7-*:-;l.KA2 1 a<i:2 1 b t S:0;a:€'j^.!|s^-=?- 
h 2 4ICffia-r-5-7-*:-;UH/i:. 2 9«^OEitfai5 

3 0 f4 z 1 ©m^Bjg 6 iznm-ri>m»iz 



Zi?:<*g5^« 1 JcKltStlfc:^ U «y h 3 0 «M«sf-7 

:z7jx— ;i/K#<v^;^ 1 3»C^lt^nfc^ 'J >;/ h 2 4 tffi 
ffibT*3t3> S■V-5^;-;UH7^:2 1 a, 2 1b, 2 6 
:f^bTj^*4A□y^^yiiJ;tXM^s^ffiP7'7^l 5. 16 

[0 0 13] 01©j;5;S:¥®^j^f4m?a«ffl^3tT 
«. ^J;^ff. j^isf7-j}>— ;UKi}^-yi7 7. 1 3 t^.^-^- 
jfN-;!/ 1 4 t^^^Lfc^js}^- J^tC. 
^ii7.-^-)l'm8, 9 t*»C— «cfk$nfc$m-feJl'7 a 

-7 dt^g^« (z^tt^iggsi a~i c iimmmi^ 

J^rff^mm^^mmm.2. 3) i:*0 1CD<J;-5lcSBMb 

mi^-t^mmmm<omm\z'>-ji'm=^%m'r^z.iL\z^ 

3\zmtbim^z^l 7S:iibTm^<DJE:^-C*g<)6#lt-5 

[0 0 14] JBLT. sii^Mi^^mmmmm<Dm'^^miz 

1 <*:m-fe;i'7 ©«}iatf^ffltCOt,iT0 5-0 

7S:ffll/iTI5iB^-r5 = 

[0 0 15] Z^«Si^«lcr)^jg?£^-r0 5{C*3Vi 
T. Z^Vi^mmHtm^itm-^O. 5mm(07.^>U 

7.mmxm^$nxior). 4"*#iff^2ORi?T'tff0fltf 

T,*i*f?4;;^Z^t^ci:L,Tt'^-5, 0 5 (a) tCS^-f 

j;f>»c, z^\z:^if^^m.m4izm-r^m5(D:^mff>w- 

t>-^mm-t^m±)\^7 o)m-mAm-w-mizmz<) 
^c«^s^5nT^>•5. ;&*3. 7.^>V'xmsxmz. 

SrfflV^-SdtTjtT^S. Z^t«J^^«lCD^^1l4*5j; 
t/J^i(SfS 6 fC»-r^>g|55i-fC«X U «v h 2 2 . 3 0 
$nT*5 0, ^m*fcttj^.i^*«c:®;<.U y h 2 2. 3 0 
S:^UT^^ffi4Sfc««SfSfffi6tC«if&$n«>. 0 5 0) 
J; ;^«ligC3 z ?:^Sf^^ 1 tcKfp-r ^ ' i: 
SigibJCjSLTli^. igmi4«Z^ttg?Sg« 

iL«4 096J&lT) fcJi). 0. 2mmiJl±©Jl$*<fen 
+^J';SIISg (0y;^«i¥5l5©«-&® 1 Of&CDS 0 Om 

#•5. $e>lC. 05 (b) IC;5^-r J; P »C*SIJS<DJg^T 
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[0016] ^mmt^^n^mm 2 (Dmrn^Tj^-rm e ic*3 

t^T, liEMJqggB«il^«2fSiS^0. 5mmOX7^>U' 

l§®ffl3S^gBSi^« 2 ©Mi^S 6 icai-r ^SB^i-lCttX 'J y 

®fiOS^ffi«^«2<i:^«lffl1»jgT$)^. BI6CDJ;^7S:«} 
iSCD^Mi^gS^i^^ 2 -^MimmiSmmmW. 3 5 (D 

z ^<*«j8g« 1 1 wimzm^\zmfjF-t^ d t a 

[0 0 17] m-fe;i/7OSlJfiS:^-r0 7lC*3l.iT. *-fe 
;U 7 2 0 mmX 10 0 mmT> JP$ HO. 7m 

m-Cfe-S). *S^6fS6 ttl 4mmx 8 4mm> S^ei4« 
1 0mmX8 0inm-e«^GJ@6©;5*^^^®4J;0fc:*c 

t. «&mK^\z^^^nm4<f>m-k^m±-r^tztb-c$> 

•5, ^TjSlijfflH. /h$V^:&T?*S^MS4®®a7rft^ 
^Etx. 8cm2»c;4S. «S<Bfg6 *3 J:t)tS^S4 tt, JP 

8. 9»C«PPS (3l?<J7x-U>-y-;l/7 7'f H) 

^stS6. ^^S4iiJ;t;;tf7.v-;USB8, 9 1 
sec. 3 0 k g/cm2gS©ffi:^-e3^-y hyuxf 

[0 0 18] ;^!:tl, 01~Bl4(cMoT±^i:®^«B£<tf^ 
ffllCOl»TittB^-r-5. 01T«. 40®^-fcJU7 a~7 



;i/7 a~7 d^iS^js^LTt/i^, z^^mm 

« 1 tCtSlt^nfey^ U y h 2 2 t^<h^%^A\zWimzii 
m-t;U7tc(i35^>^a'7-^^^xi?>7'. y7>i3.E^ 

13tCA0. i^*Jf7^:t:-;Uh'3l^-y^7. 1 3*5J:OJZ^ 
^^mm 1 fCtait e,nfcX U«yh24*Jj;r/30*^t.i^ 

BI^?5:<*3gSS$:l 0 0%jfi<(C«T^©T, fS^tC 

[00 19] :»c«ts-rs^^ffi4iffltctt, ^2\zm-r 

J:'575:3#tt®m^*6a«l 9*i^lte.tXT*3 0> 
S*-fe;U7PBl®->3-h^E5ihLTU.5. ^m^iftSl 
9 <i:LT«JP$ 2mm®:i?'J;'J— h<£ffll^Tt'i-i> 

m^*6^« 1 9 ictt. ^m.m^m(D7. u h 2 o *i 
^ij-e)nT*jO. Jiai®j:5(cz;^t»j^^«i(c^itf, 

nMMmWLl 9©:*:^tg§-r-5fi!lW^ffit^7LM5}?Ux 
*ffiOM«-^X'J hA2 0 75^t)WSC 

[0 0 2 0] mm-r^z^i^mtm.m 1 a 1 1 

b) ©relJi. 0i^S3-e5^-r<t^ic. ^^fii4<Bilo« 
^tt;tf;^->-;u*j 1 IT. mm'm&m<r>^-^\tii7.iy— 
;u*ri 0T-¥-n-?n3te«^fnTti-57>^ mfL^i 
7 a 1 7 b) ^n-enic*3tj-^:tf7.v'-;u*<+i}--cfen 

Tiijati, i^xv— ;u$ji 0. 1 itbTtt^j^ 

[0 0 2 1 ] ;UK^-yi7 7> 1 3tCli. 134 

\Z7Rt^O\Z. 7.>J y h 2 47J^^ltenT*3 0. j^.!|efA 

t^—)V]^n2 1 a*^S-7-3^— ;UH7\:2 6?&i@oT. *8 
^•7-7^-;UF;l<-yi7 7> 1 3»ciettenfcx'j ,y h 2 4 

*^6.z^^^is^suciaite)nfcj^!|sf^$gffl©7.'j-y h 
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3 o^£^^LT^¥-^r;^7®^!|s^fiB6^c#^^&^n, mn<D 

[0 0 2 21 JBl±.CDJ;^J::»5fiK$nfcfc<Dlc*5t/iT. 

&jic>T«fBfS67&^e,*fii^LTti-5^ftffi4(cnitn> m 
mmm^nti^s. a ^ii>sffiii^SB^i^« 2 (^msK^ 1 2 

JtOcomjEtt. ffi^O. 6~0. 8VgSlcl8^;^n 

■5. 

[0 0 2 3] mm(Dmmi<D^^\zmssLtsnrzw-^mm 

i^mSfeSrffll/intS. 0. 6~0. 8V®4fg©mEE. T 
;iS:t)^2. 4~3. 2 V©ilfig||JE*^i§en^. 

n, ^SSOJBSgl Ttt4 A-r2. 4V-r;St)-^9. 6W 
0. 5A/cm2CD«SiEiE«lcffiaL. -/SW;S:«8[* 

leas L fc s!«K««sfe<o«^ t s t ^ <»: 1^ i; 
[0 0 2 4] mm<omm 2. ms it:^^m<Dmm(Dj^m 

2^CJ;S^®S!«&|s^m?a®SgB®«j^S:^L. Rfl^WtC 

«Z;^tt^;^fli©¥ME!t?«..2)o ElC*5tiT, 3 6«Z 

^«^^«i<DSS4, eizmm-r^u^iz^n^n^ 
-ettm«ii»i&« 1 9 ^ z ^vtmt^w. 1 ^jaiipf 

H#->^7. 1 StcSSTLtbTXU h 2 0. 2 2, 2 
4, 3 OS:^ltfc3g^JCOUT:^Ufc7j^ 7. U KDf^ 

mmffii&ffi 1 9 t Z^«»gg«i 1 ICSStt en/5:S^ 
«iSi&ffl ®S®?L© J; p l^affi LT VJ^.®3l?Lttl^ 

[0 0 2 5] SlifiOJgffi3. 0 9 tt*f!ig©SI]SS©}g|£ 

01 OiJiU^Sl l«*^Bj<Dl|jffi©JgSg3lcJ;^¥® 

mmmmi&ow^omesi^Tiki., mi oimt^-r^mz 
in-ti>mmri>m-t)\'m±^m^6^izmm-ri>m 2 o z 

"^t^^^MOiiMS (a) ii^mm (b) , @1 

;UK©¥METS)S. ElCiiHT, 7a~7 
1 tt^-tJUTfe-S. 12 a, 1 2 b«aj»l»^Oil)Sg{C 



i2®^5n;t#-feju7 ai7 1 ic^tt^.n7t)^gBmfia^^ 

D . 12a mSSffiiimdS^'?'. 12b 
^^Tfe-S. 3 7«^2®Z^t»tS^ffiTS.O. EST' 

^b7tz^t>t«^« 1 «iRi-^j»c*5it-5K«-r •s.¥-fc:;u 

m± (Wx.«7 a<!:7 b) S:}g^-r-2)©lC*tLT. 112 
® Z 3 7 «l«St--55lJfC*Stt«|?S»r -S^-tr 

)\^m± (m 9 Tfi 7di:7e-^7hi7 i) <&li^«)lC 
3 8 a, 3 8 b*3j;Ut3 9 a, 39b (3 8 

iS®$nfc*-b;u (@9Ttt7dt7 i) {cKt:J-snfc 
tJ'i^tiSit'STT^ 0 . 3 8a, 39a fi^SMfllflg^g 

^> 3 8 b, 3 9 himmmmmi^'f--v$>^, 
[0 0 2 6] i3 9-c«, w-m\z4m<om-t)i'^m.^rzm 

«r3 3?iJi2®bT*3l3, ESTa^LfcZ^ttSlgg^f: 1 
l/>T|S|-^JtC43tt-5^^-r^m-lr;HpI± (^JAtf7 a.h 

7b) ^m^mizmt^-r^tmz. m2<oz^^mmi^ 
(@9t?«7di:7e^7ht7 i) ^m^mizmmt 

^;itJCJ:0. #^-bJU7a~7 1 $:S^J^^b, -&fh 

x'l 2±)i'a>w-mmmmmm^mfScvxi,^^. «ec.T. 
1 5ij)^(frtt*-tr;u7 *vi< &:giffl< i^x^m.mntm^ 
mf3:mzm.K)f)^$>^A^. mscDjzotzm^-rni:^. im 
<Dm±:j\^tSkmmx^]mzMft^Lx. w-mp^x. ^^<© 
m±)]^7 ^m.^imm-r^z.i:i:)^-^m\zu^. sshb 
nm^^^i 2 t.'pmnmiQ'Ta a, ag^mi^-^x. m9 

(Om-^. jffiSPUffilffiT 1 2 a i: 1 2 bH© 1 2 -feJl- 7 a 

~7 1 ^itjijs^bfemiEa:. ^^mmt^^f-i 2 at^ 
mmmt^^3 s brai^tfii^^gsti^^s s b 1 3 9 a 

'Pm^^^^T- 3 9a tSBBB^SSS^ 12b m<D 4 7 
a~7d^7e~7h^7h~7 1 ^\M.^mf^Ltim.S. 

J^gpmSitSffi^ 1 2 a t^'i^^iiS^^ 3 9 bT^-^l'^ 
mSEaS^ 3 8a tSggBSSS^T 1 2 b Pb-J© 8 -fe;i. 7 a ~ 

7 i^7 d~7 1 *ajiLfcmBE*®omrc:t*<T 

[0 0 2 7] «SW:tf;:^©8KtUCOUiTtt. ^A«|gi 1 

[0 0 2 8] *:SIJfi©Jg^-^«¥-lr;U7 *¥Sq{C 

1S»?iJtC3l£'<:Tia^JS;^Lfc=b©lr4'^m«it^^3 8, 
3 9 ^ieit/^^^tct?tiTi5iBJLfc*i. ^ig®JgSllT- 
* Lfc J; p;5:#-fe;i'?£:^StC 1 mzW.^xmMmm Ltz 
fcWtCifi^liSSagTS 8, 3 9«:^»tTt).fc<. ZL<Dm 

■^\zt,m^(D9Ji^t>mibi\^. 
[0 0 2 9] ftii. ±s.^^m(Dmmxitz^^t$tm^ 

1 2 © Z 3 7 IC*3lt^ Z ©^^d«il^*^-t? 

S>-5«'&lc:3^»TS5Lfc*<. ^Km^mzU-DXl^Xh 

[0 0 3 0] 
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-r^^mz^n^nnmn'^mif. wiU'&m<ovmf)^^ 

CO 0 3 1] *3S!?8©^2©«|*£»CJ:n«, #*-fe;KZ) 

ffiPbTI^iSOT, 35mSrZ?:^*a^«®Kji?LtC#t*& 

^«^^ * ii! * ^ - 1 ^ -5 ^m*^ S . 
[0 0 3 2] *%Bj®m3®^j«IC.fcntf. it^JS^© 

mmmai'^'pizmm-snrci>u< tfe i eo^-tjuct) 

[0 0 3 3] *5£B8©^4CD<g^lCin«. m-fejuti^ 

m-^\^rzit.mm-r^mizisi,-f^m^t^m±)um±t: 

[0 1 ] ^mm<Dmm<Dmm i ic<t 

m 3 ] ^mm<Dmm<omm 1 j; s^ffi^^^ej^m 

[04 ] *5!Bja)j|JS®}gffi 1 tCJ:SSFMS*R!|^tt?te 



®Z^tfelg^S«(ffl®ia (a) t^BS (b) 
[@6] 2|:%^(^SIJS<9^iil(CJ:^7SS«Si|E^@% 
©^gBm-fe;K3Dm8SSg^®filI®0 (a) (b) 

[0 7] *5£?^©^JiS«fflJMl fCJ;S¥®^j^*4llft& 
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[^^®ltt?Bl 

1, la~lc Z^«S8g^« 2 I^S#J«SB^^^ 

3 ll®fflraB5S^«. 4. 4a~4d S^:®, 

5, 5a~5d 6, 6a~6d «R!|BfS, 

7. 7a~71 m-feJU. 8 Jl^gP, 

9 mnmm:»^zy—}\^^. i o M*sfs#j->-;w3ii5 

«S15. 11 ^^M->-;L'«3fe«gi5. 12, 12 a, 

12b mmsg^^. 13 mm-7--^-)\.}fm'yi7 
7.. 1 ^mn-^-t-^—jivm.. is mnxn-zfy^. 
16 Mi|smiP:/^i^. 17 ^m-^n^-Vs 19 .n 
m^&is, 20 mm*eestcis:ite,nit3S^^*&ffl® 
j^'J-vh. 21a <^^6KD«*&flil^:zih-;i'H;?\:. 21 

b *Si^(DS^ai#Jv-7^;-;^H7\:. 2 2 Z^t»^^i^1S 

tc^ite,nys:^^«$gffl®x'j -y h, 2 3 «g^e)^^f^t^ 
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mnmt&m<D7s')yh. 2 6 2 9 
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*&fflOX>J-yh, 3 6 A^IJ^wmaTL. 3 7 ^ 2 CD 
Z^iKSI^ffi. 3 8. 3 8 a, 3 8b. 3 9. 3 9 a. 

3 9b <^mmmm=f: 4 1 #?LKS*^« 4 2 #?L 
M»«CD:tfX->-;U^J3teSa5. 4 3 fg^ffiT, 4 4 

^^@Mj%^. 4 5 4 6 mmmmmm. 
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